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Abctract Admimstratlnn of 3.4-dihydroxyphenyl ;?-‘T] alanme 10 young Tr/~~pl~r~ru o.sr/rmwric~u plants 

revealed that ring R and carbon atoms C,, and CT of tylophnrme and tylophorinine are derived from dopa. 
Tracer experiments with h.7-diphenylhexahydroindolizines (I-7)and (26)demonstrated that compound I IS 
cfticiently and s~clfically mcorporatcd into tylophorine (13)and tylophorimnc I 16). Compounds (3). (4) and 
(261 Here noI metabohzed by the plants to form (13) and (161 whereas (5) and (6) were utllbed to yield (131 
and I Ihb. C‘ompound (2) was very poorly conrertcd into (131 and 1161 and thus 15 not on the major 
hiosynthctic paihway of’ I 13) and iti) 

Phenanthroindolizidinc alkaloids. tylophorine (131’.’ 

and tylophorimne (16)‘.’ are considered to be formed 

in nature by oxidatlvecouplingJ ofsuitably substituted 
6.7-diphcnylhcxahydro-indolizinc precursors. Herbert 

and Jackson’ have recently reported intact 

incorporation of (I) and (27) into tylophorine (13). 
tylophorinine (16) and tylophorinidine in 7jlophora 

mrhnwrictr Further the keto acids (17). (18) and (19) 

were also found satisfactory precursors of tylopho- 
rinine (16).h However. the sites of labelling in the 
derived alkaloid were not estabhshed. Based on these 

results the major biosynthetic pathway to (I) was 
suggested as (21 J - (22) + (23) + (27) + (I ). 

It has been postulated earlier’ .‘” that condensation 

of 3,4-dihydroxyphenacylpyrrolidine (24) with 3.4- 

dihydroxyphcnylpyruvic acid can give the inter- 

mediate of the type (28) which can undergo oxldative 

coupling to give tylophorine (13) skeleton. Since 3,4- 
dihydroxybcnyoylacetic acid. 3.4-dihydroxyphenyl- 

pyruvic acid and A’-pyrrohne (20) can be derived in 
nature from phenylalaninc. 4-hydroxy-phenylalanine 
and ornithine respectively. Mulchandani ef al.‘,‘” in 

accordance with the theory demonstrated that ring A 
and carbon atoms C, 0 and C,, and ring B and carbon 

atoms C, and C,.. of tylophorine (13) in T. mrhmuricu 
plants arc derived from phenylalanine and tyrosine 
rcspectlvely. Ornithine was also incorporated, thus 

suggesting its participation in tylophorlne bio- 

synthesis vu Al-pyrroline (20). Since no degradation 
was carried out to determine the position of radio label 

the possible role of ornithine as a precursor of the 
pyrrohdinc ring in tylophorine and tylophorininc at 
present is based on the analogy of results obtained in 
other plants. 

3.4-Dlhydroxyphenylpyruvrc acid, the suggested 
precursor of ring B and carbon atoms C,, and CT. of 
7j-lop/rum alkaloids can also derive in nature by 
deamination of 3.4-dihydroxyphenylalanine. If this 
route is bcmg followed in the plants. the trisubstituted 
6.7-diphenylhexahydroindolizine of the type (27) 
cannot be an intermediate in the major biosynthetic 
pathway of these alkaloids. Instead. a tetrasubstituted 
6.7-diphcnylhexahydroindolizine of the type (5) 
should be a key intermediate. The phenolic hydroxyl 

groups of (5) can selectively methylatc to direct the 

coupling. Tylophorme (13) and tylophorinine (16) can 
thus form in nature from sultably substituted 6.7- 

diphenylhexahydroindolizine precursors by alternate 

biosynthetic pathways as follows: puru-purtr-oxidative 

coupling of (1) as suggested5 can give the key dienone 
intermediate (9) which can undergo dienone-phenol 

rearrangement to form tylophorine skeleton (12) 

whereas dicnone-benzene rcarrangcment can afiord 
tylophorlninc skeleton (14). Tylophorininc (I61 can 

then form from (14) by hvdroxylation at c‘, and 

mcthylatlon of the phenolic hydroxyhc groups. In the 
second possibility ptrrtr-pccru coupling of (3) can yield 

the dicnonc (29). Dienone-phenol rearrangement as 
shown in (29) followed by methylation of the phenohc 

hydroxyl groups can finally give tylophorine (13). In 

the third possibility direct partr-pcrw oxidatlve 
coupling of (2)can give tylophorine skeleton (12). Both 

tylophorine (13) and tylophorinine (16) can also form 

in nature from trlsubstituted 6,7_diphenylhexahyd- 

roindolizine (26). Purm-Pura-oxldativc coupling of (26) 
can form the dienone (IO). Dienone-phenol 

rearrangement as shown in (IO) can give tylophorinine 
skeleton (IS). Tylophorine (I31 can form from (IS) by 
hydroxylation in the aromatic ring followed by 
methylarlon of’ the phenolic hydroxyl groups. 

Tyrosine (Experiment 1) and phenylalanine 
(Expcrimcnt 2). the cstablishcd precursors of 

tylophorine (13) and tylophorininc (16) were Initially 
fed to young Z u.srlrm~ric~~ plants. It was found that the 

alkaloids of interest were being biosynthesizcd by the 

plants. The experiment was repeated by feeding DL- [2- 
“Cl tyrosine (Experiment 3). The biosynthetic 

tylophorme (13) was degraded according to the 
procedure of Mulchandani rf (11.’ It was found that 
essentially all the “C activity in the biosynthetic base 
was resided at position 7’. thus confirming the carlicr 
results.’ 3.4-Dihydroxyphcnyl[2-“‘Cl alanine 

(Experiment 4) was then fed to young Z utrlmuricu 
plants and after I) days the biosynthetic tylophorine 
(13) and tylophorinlne (16) were isolated by reverse 
dilution technique. The regiospecificity of the label in 
the biosynthetic tylophorine (I 3) was established as 
follows. Treatment of labclled tylophorine (13) with 
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(I) R, =RJ= H;R=R,=Me 

(2) R = RJ = H: R, = Rz = Me 

(3) R = Rz = H: R, = R, = Me 

(4) R = R, = R2 = R, = Me 

(5) R = R, = Rz = R, = H 

(6) R = Me; R, = RI = R, = H 

(7) RI = Me; R = R, = RJ = H 
(8) R = R2 = Me; R, = R, = BZ 

bH 
(9) R = OMe 

(10) R = H 

- 

OR 

(12) R = H 
(13) R = Me 

methyliodide afforded tylophorine methiodide (36) 
with essentially the same radioactivity as the parent 
base. Emde degradation of radioactive (36) gave 
isodihydrohomotylophorine (39) (Emde base) with 
practically no loss of radio activity. Kuhn-Roth 
oxidation of radioactive (39) gave radioactive acetic 
acid which was converted by Schmidt reaction into 
radioactive methylamine. isolated as Wmethyl- 

ORz 

(14) R=R1=H;R,=Me 

(15) R = H; R, = R2 = Me 

(16) R = OH. R, = R2 = Me 

benzamide (92.5 ‘I,, original activity). The result thus 
established that ring Band carbon atoms CV and C7. in 
tylophorine (13) are derived from 3.4-dihydroxy- 
phenylalanine in young T. asrhmaticu plants. 

The position of label in the biosynthetic 
tylophorinine (16) derived from [2-‘*C]dopa was 
established as follows: Treatment of biosynthetic 
tylophorinine (16) with methyliodide gave radioactive 

(201 (21) R = R, = H 
(17) R = R, = H 

(18) R = OH: RI = H 

(19) R=OH:R, =OMe 

(22) R = OH: R, = I-I 

(23) R=OH:R, = H 
(23) R = OH, R, = OMc 
(24) R = R, = OH 

(25) R = OBz; R, = OMe 
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OH 

(26) R = H; R, = MC; Rz = OH 
(27) R = OMe. R, = RJ = H 

CHIX 

(36) x =CI 
(31) X = CN 
(32) X = COlH 
(33) x = COCI 

(29) 

tylophorinine methiodide (38) with essentially the prepared from (16) by another route. Hydrogenolysis 
same radioactivity as the parent base. Emde of (16) in the presence of Pd/C afforded dcoxytylo- 

degradation of (38) gave isodihydrohomodeoxytylo- phorinine (15). Treatment of (IS) with methyliodide 

phorinine (40) with essentially no loss of radioactivity. yielded the methiodide (37) and Emde degradation of 
lsotetrahydrohomodeoxytylophorinine was also (37) then aHbrded (40). Kuhn-Roth oxidation of 
obtained as reaction product. albeit in low yield. radioactive (40) gave radioactive acetic acid which was 
lsodihydrohomodeoxytylophorinine (40) was also converted by Schmidt reaction into radioactive 

OMe OMe 

OB/ 

i-34) 

6Me 
(36) R=H:R,=OMe 
(37) R = R, = H 
(38) R =OH; R, = H 

OB7 

(35) 

i)Me 
(39) R, = OMe 
(40) R, =H 

I Kuhn-Roth 
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met hylamine. isolated as ,V-met hylbenzamidc (97.7 ‘I,, 

original activity). The result thus established that ring 
B and carbon atoms C, and C,. in tylophorinine (16) 
are derived from 3,4_dihydroxyphenylalanine. 

The late stages of biosynthesis of tylophorine (13) 
and tylophorinine (16) were studied by feeding tritium 

and “‘C labellcd 6.7-diphenylhexahydroindollrines to 

young 1: tr.~l~mccfictr plants. Hypothetical 6,7- 
diphenylhexahydroindoiizlnc precursors were synthc- 

sized by the method of Herbert et (I/.” 2- 
Phenacylpyrrolidines were conveniently prepared by 
condensation of A’-pyrroline with appropriate 
benzoylacctic acids. Treatment of ?-phenacylpyr- 
rolidines with appropriate phenylacetaldehydes 

afforded the corresponding enamines which were 

reduced ij~ .si[u with sodium borohydride to give the 

protected 6.7-diphenylhcxahydroindolizines. Acid 
catalysed hydrogcnolysis of the benzyl ethers finally 
afforded the corresponding hydroxy compounds. 

Following this procedure 6.7-diphenylhexahydro- 
indolizincs (I). (2). (3). (4) and (26) were prepared. 
Tritium specifically orrlro- and put-u- lo hydroxyl 

groups were introduced by base catalyscd exchange 
reaction.‘2 6.7-Diphenylhcxahydroindolizines (I ). (5). 
(6) and (7) labelled with ‘V at position 5 were 
prepared as follows: Treatment of appropriate benzyl 
chloride with K”CN afforded labelled benzyl nitriles. 

Alkalme hydrolysis of the nitriles yielded 3.4- 
disubstituted phcnyl [2- ‘“Cl acetic acids which were 
converted into the corresponding acid chlorides. 

Condensation of the acid chlorides with appropriate 2- 
phenacylpyrrolidines yielded the keto-amides of the 

type (34). Treatment of (34) with ethanolic KOH gave 
the lactum (35). Lithium aluminium hydride reduction 
of (35) in the presence of AICI, gave the protected 6.7- 

diphenylhexahydroindolizine (8). Acid catalysed 
debenzylation of (8) finally yielded the corresponding 

hydroxy compound (I ) labclled with “‘C at position 5. 

Labelled hypothetical 6,7-diphenylhexahydroindo- 
lizine precursors were fed to young Z o.stl~mutrc~~ 

plants. The results of several feedings are recorded in 

Table 1. Feedings of I f )_. (3) (Experiment 91 and ( + I- 
(26) (Experiment 81 showed that (3) and (26) were not 
metabohzed by the plants to form (13) and (16). As 
expected. the completely methylated 6.7-diphenyl- 
hexahydroindolizine (4) (Experiment IO) was not 
utilized by the plants to form (13) and (16). Feedings of 

( k )-6-(3-hydroxy-4-methoxyphenyl)-7-(4-hydroxy- 
3-methoxyphenyll-l.2.3.5.8.8a-hexahydroindoli7inc 
(I) (Experiment 6) and (2 I- (2) (Experiment 1 I ) 
demonstrated that (I) was very cticiently in- 
corporated into tylophorinc (13) and tylophorininc 
(16) in Z u.j!hnttrric~r. (2) was metabolized by the plants 

very poorly. 

The regiospecificity of the label in biosynthetic 
tylophorme (3) derived from the feeding of (I 1 was 
established by the degradation procedure of 
Mulchandani rt u/.~ X-Methylbenzamide, so 

obtained, had 95.4”,, original activity. The result thus 

established that essentially all the “‘c’ activity at 
position 5 in (I ) was resided at positlon 7’ in 

biosynthetic tylophorine (13). 

The posltion of label in biosynthetic tylophorinine 
(16) derived from (1) was located by the above 

procedure. The N-methylbenzamlde. obtained by the 
procedure had 96.5 “SI original activity. The result thus 
established that essentially all the “C activity of (1 )at 
position 5 was present at position 7’ in biosynthetic 

tylophorinme (16). The foregoing experiments 
confirmed the results of Herbert LV ~1.’ and established 

that both tylophorine (13) and tylophorinine (16) in 7: 

asthmuricn are specifically biosynthcsized from (I ). 
Efficient and specific incorporation of 3.4- 

dihydroxyphenylalanine (dopa) in ring B of 
tylophorine (13) and tylophorinine (16) in Z 
osthmutica plants and that of (5) into both the 

alkaloids supported the biogenetic theory that 3.4- 
dihydroxylphenacylpyrrolidinc (24) and 3.4- 
dihydroxyphenylpyruvic acid are condensed to form 

the tetrahydroxy intermediate (5). The key 

intermediate (1) can form from (5) t*icc (61 or (7). 

Parallel feedings of ( f )- (61 (Experiment 12 I and ( k I- 

Table I Tracer cxpcrlments on 7: c~srhmc~r~cu 

Expl. Precursor fed 

I’,, lncorporatlon x IO 2 

Tylophorine;Tylophorininc 

(13) (16) 

1 
2 
3 
4 
5 

6 

7 

8 
9 

IO 
II 
I2 
13 

(DL)- [U-‘“Cl Tyrosinc 
( L )-3-Phenyl [Z-“Cl alanine 
I 2 )- I?-“c‘ _ Tyrosine 
( + )- [2+ Dopa 
r3’,5’1’H,] i-Hykroxyphenyl 
!3- ‘H 1 ] pyruwc acid 
(+ )-h-(3-Hqdroxy-4-mcthoxyphenyl)-7- 
(4-hydroxy-3-mcthoxyphcnyl)-hexahydro (5-‘JC] indolizine (1) 
( = )-[5-‘4C] lndohzinc (5) 
( r )- [3’.5’.2”.6”- ‘H,] lndolizine (26) 
[ + )-(2’.6’.3”-2H, j lndohzine (3) 
( + )- [2’.6’.2”.6”-‘H4 3 lndoluinc (4) 
( + )- [2’.6’.2”.6’‘-‘H,] tndolizme (2) 
(+ )-[S-“Cl lndohzmc (6) 
(2 )-[S-“C] Indohzine (7) 

0.33 
2.6 
3.4 
4.2 

0.6 0.65 

13.1 4.2 
2.60 1.40 
0.012 tnactne 
0.06 Inactive 
0.05 0.02 
200 0.52 
I .22 0.30 
0.05 0.01 

2.9 
2.1 
2.7 
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(7) (Experiment 13) revealed that selective O- 

mcthylation of (5) gives (6) which is then converted 

into (I 1. 
The foregoing cxperimcnts strongly suggest the 

biosynt hctic pathways of tylophorinc (13) and 

tylophorinlnc (16) in ‘1: tr.~/~muric~ iis follows: 

Phenylataninc t Dopa --t (5) -+ (6) -t (I) -+ rylo- 

phorinc (131 and tylophnrinlnc (16). 

For general dircctrons (SpeC~roSCLqJy details and counllnf 
met hod I see Hcferencc 12. 

.S\nJl~\r\ o/ ~ww~~ww\. 6.7-Dlphenylhexahydroindoli/lnes 
(I 1. 121. 131. (41 ;tnrl (261 \rcre prcp.rrcd acc‘ordlng to the 

mcthud ol’ Hcrbcrt YI c/l.] ’ II I. (51. 16) and (7) labclled with 
“<‘ at position 5 wcrc synthcsijed by the route as exemplified 
by the synt hcsis of (I ). 

3-Brb1:1 IO\ \ -4-,ric’llio~!/)(~1fr!.l urrrik 131 I. (301 I300 mg I in 
dr) DMSO (3 ml1 was added to a suspension of K”‘C‘N 
(XII~I~~ = 0.05 mCrl In dry DMSO (2 ml) and stirred (24 hl. 

Inuct~~c KC‘h l?Oomgl uas added to complete the reaction 
and uorkcd up in the usual manner to alford radtoactive 

tlirrrlc, (31 ). m.p 7X X0 (lit.” 79.5 80.5 ). 
Spccitic acl~\ity = 0.072 x IO ’ mCi. mg 
3-&r1:\&~ ~~~-4-~t1~~r/1o~~~pl1~~r1~~/trc-c~~~~ cwd 132). The radroac- 

tl\e I31 1 (245 mgl In glycol ( IOmI) was rclluxed with KOH 
(2lOmpl In H,O (2 ml) for Xl h to g~\c radloactr\c ;iciJ 132) 
(XOmpl. m.p. I?! (ht.” I25 26 1. crystallized from 

C,H,, petroleum ether to constant actirity. 
Specific act~vlty = 7.0 x If_- ’ mC‘i rng. 

!-Bcw~\~/~~s 1.-4-t~rlrr, \ ~-p/,(~,r~./trc.c.r~ 1 cNoridt~ (33) The 
radIoactIve (32) (200 mg) in dry (_,,H,% (5 ml) wds rcfluxed 
w~tlr SOCI, (0 I5ml) for 2 h to +c the radioactive acid 

chloride (3.71 
2-(4-flcn:rb~s ~~-B-m~~rlro~ ~~plrcrm~~~/)p~ rwdrdiw (25 1. An 

aqucou> zo;ut& (pH z 7.0! of A’-pyrroli~‘~ (20) (0.28 g) 
wasaddeddropulsr~oan lcccoolcd solution (pH 4 ?.O)of4- 

hcnr~l~,~~-2-rncthoxy~n/~~~l~iceti~ acid (I L’gl [prcparcd 
I’rom correspondmg ethyl ester” by alkollne hydrolysis j m 
MeOH (25 ml) and phosphate buffer (pH x 7.0. SOmll (h;, 
atmosphere). The resulting mixture was left for 1X h at 

amblcnt temperature. acldllicd with IO”,, l?CI and extracted 

uith ether. The aqueous acidic solution was baslficd with 
28”,, NH,OH and the liberated base was extraclsd with 
ether. washed brith 11,O. drrcd IN~~SO,) and the solvent 

rcmovcd. The residue. 50 obtained. uas chromatographcd 
olcr Al?O,. Uutron \\lth C,,H,, Cl1<‘1, I 1: I) alrordcd (251 

(06.5 g. 52 “,,I. m.p. 195 96 (hlc,CO). I R lncat). 3200 I- XH I 
and 1660 cm ’ . NMR IC‘DCI,,): 7.51 7.1 (7 II. m. Ar H). 

674 (I H.d. J = Yliz.Ar-ill, 5.05 l2H.s. -O(‘Hz .4rl. 3X3 
(~H.s.O(‘H,J.?.YX (411. m. N-<‘lj,- and CO <‘H2 Ar). 

(Found. C. 73 60: H. 7 75; K. 4.15. C2,,HZJN0, requires. C. 
7?.X4; H. 7.77; N. 4 37”,,1 

2-(l-&W:\.l~,~ I~-3-nlc~rllrJ\~ pll‘wcr‘ l./)-.~-(3-hrn-!.lc,s! -4. 

nwrlro \ I ~/WI I /~~wr \,I ~prrro/rrlr~~~ (.34 I. (33 I (2(K) mg) rn dry 
c‘,II, (ml) \+a~ uddcd 10 a solution of (25) (XOmgl In dry 
C,.Il, lCml) and p>ridlnc (O.OSml) and left at room 
tcmpcrarure for 20 h. l‘hc product. so formed. was tiltcrcd. 
washed with I “,, HC‘I. H,O,dried (KaLSO,~. IR (neat) ?YSO. 
1670. 1635. IS05 and 15lOcm ‘. The product was used as 
such for the next step. 

6-(3-&fl:,V/f1\,l -4-,fler/lo.~!‘pltc~n~‘/)-7-(4-h~’n-!’l‘J~!’-3- 
r~lc~r/lo X I phcw\ 1)-5-o \‘o- 1.2. 3.5.X.80-ll‘wll r~drornc~‘llr~l,lc (35). 

(34) v.as rclluxed with 5 I’,, ethanolic KOH 130 ml) for 3 h. The 
rcxultmg mlxturc has worked up In the usual manner. The 
crude product. thus obtained. was chromatogrdphed over 
Sk),. Elution Hith <‘IiCI., -MeOH (99.5:0.5)gavcthe lactum 
(35) 123I)mg). m.p. IX 25 (C‘HC‘I\ petroleum cthcrl. IR 

lKBr)?YZO. 163~.16~.150Sand 1435cm ‘: NMR (CDCI,] 
!Y? I~H. s. -O(‘H,I. 3.X? (3 H. s. OCH ,l. 5.1 (2 H. s. 
OCHJ-hr). 5.16 (1ti. s. <XX2 Arl. 7.5 7.1 IIIH. m. 

,Ar Ii) (I-ound: C. 77.00: H. 6.20; Vu. 2.41. (..~hH~~NO~ 
requlrcs: C. 77.05; H. 6.23: N. 2.49”,,). 

6 - [ 3 - B (’ ,1 : J’ IO ., , - 4 - n, C’ I II 0 .\ J‘ ) - 7 - ( 4 - h t’ 11 z .I’ IO s j’ - 3 - 
,nc~r/rcl ~~ydl‘vf\ I I- I .2.3.s.t(.X‘~-Ir‘~.~oll~~rl~oirrd~Jli~r~lc’ cn,. (3.51 

(22Omp) In tetrahydrofuran ether (I : I. IOml) was added to 
an1cccoolcdsuspens~onolLAH(200m~)andAlCl.,(200m~) 
In dry ether (f;Oml) and stirred at room temp. for 14h. The 
rcsultlnp mlxturc ~a?; uorkcd up in thr usual manner to give 
the cruds product whrch H;LS purliicd by 1.1.~. on silica gel 
platcs (solvent: (‘HCI, MeOH. 07.31 to give the onlint (8) 

1162mg). m.p. 131 32 ((‘HC12- petroleum ether): IR (KBr) 

2XXO.1590.1510and 1250cm~‘:NMR(CCI,1:7.1 (l0H.m. 
,AJ-[i).4.X(?H.s. OCII, Ar).J.6(21i.s. OC!lI Arl.3.65 
(3 II. L;. OClj ,land 3.42 (3 H. s. OCH ,). (Found: C. 7X.70: H. 
6.62: N. 2.41. C’I,H,,~NO, rcqurres. (‘. 78.97: H. 6.76: N. 

2.55 “.,I. 
6-[3-/l~~,l~o~!-~-r,rc~f/rr~, 11’11(~ft~1)-7-(4-111.dros!,-3- 

twr/w.\ ryl/r‘vr\~/)- I .2.3.5.7.8tr-he.\-o/l~ drr1f,rt~rJ/i:iUt’ (1). (8) 
(ICd)mg) in MeOH (5 ml) was heated on a water bath with 
11 N HCI (2.5 ml) for 2 h. The rcsultlng mixture was worked 

up in the usual way to g~vc base (1) hydrochloride (7Omg). 
1 ‘rcc base. m.p. 259 60 ICHCI, McOH); i,,, i MeOH 1242. 
XX. 38 nm; lmJ, (MeOH NaOH) 237, 259. 291 nm: v,,,~, 

I K Br ) 3300.~90@ IWO. I 590 and I SW cm - ’ : w(’ 367 (hd ’ 1. 
(Found: C. 77.04: H. 6.72; N. 3.6’). C,,tI,,NO, requires. C. 

71.93: H. 6.X1; N. IhI “.,i. 

Trrr/trrro,r. ( f l-6.7-Di13-hydroxy-4-mcthaxyphenyl~~.2.3. 
S.8.8a-hex;ah\droindoli~ine 12) (75 mgl in tntlatcd tiater 
10.3 ml: activity 70 mCil contarnmg potassium t-butoxide 

(I SO mgl was heated under nitrogen (sealed tube) for I IO h at 
100 . The mlxturc uas diluted with tI,O. KH,CI was added 
(pll 71 and the hberatcd base Nahextractcd with C‘HCI, 14 
x IOrnll. The extract uas hashed ulth H?O. drlcd (NaZSO,) 

and e\apor;rted. The crude product waschromatographed on 
a column of SIO~. Elutmn with CHCI, ;MeOH (Y2:8) pave 
( ‘t )- -2’.6’.‘“.6”-“H, -6.7dr(3-1 I\ ( ) r,~r,-4-nrPrl?o.~~.p/~~~fr~./)- I 

1.2.3,S,X.Htr-h‘,.\~~/t~ dro/ndolr:inc~ (2) (52 mg), m.p. 227. 2X 
lMcOlll The radlochemrcal purity of the sample was 

checked by dllutlon method. ( + )- [2’.6’.?“-‘H? :6-14- 
ll~dro\~-2-metho~~phcnyll-7-(3-hydroxy-4-metho~y 
phen~l)-l.‘.2.~.8.Xa-he~~~hydrnindollzlne-~~) and (+ )- 

3.,-5. ” .- .h”-‘H, !6-l?-~lydroxy-J-methoxy- 

phcnyl)-7-(4-h~droxyphenyIl-1.2.3.S.8.~a-hcxahydroindoll- 
rinc-(26) ucrc propctrcd srmilarly { f )- [2’.6’.2”6”-‘H, ‘6.7-DI 

13.J-dimcthouyphenyl J-1.?.3..5.X.Xu-hexahydro-mdolizine (4) 
H’;I~ prcparcd from (2~ by treatment with CIiIN2. 

t cc*Jurg c’.\ptir~n~c~rr.~ For feeding purposes tyrosinc. dopa. 
phcnylalanmc. indollzmr (I ). (5). 16) and (7) hydrochloridcs 

Here dissolved tn HZ0 (2ml1. Indolifine precursors (2). (3j. 
I41 and 126) wcrc dlssolvcd In HLO I? ml) contammg DMSO 
10.1 mll. l’hc solutlonh of the precursors wcrc fed IO young 7. 
(~rrl~)tr~r~(r plants ( I 2 yr old) by wick fccdmg method The 
plants wrrc kept ali)c for X to 10 dabs for metabolism. and 
then worked up for tylophorinc and tylophorinme 

I k l-O.7-D~(?.4-dih~~drc~syphcn~l)-l.!.~.S.X.8a- 
hexahgdro~5-‘~C‘;lndolrzlnc (51. (k I-6-(3-hydroxy-4- 
mctho\yphen~l)-7-(I.J-dih~dro~~phen)’l)-1.?.3.(.X.Xa-hcxa- 
hbdro IS-“C 1 Indoli/inc-171 and (T )_Gl3.4-dlhydroxy 

phcnyl I-7-(4-h~drox.!-3-mcth(~xyphcnvl I. I .Z..V.X.Xa-hcxa- 
hydra 1’. ‘.I .’ C ,~ndol~~rnr‘ (6) were prcpnrcd by complete 
svntticsis. 

~.dt~lk~u o/ II /op/to~r~c (13) trnd I \ /op/rorrri~~ (16). Young 
7’ tr\//rt~ffc~ plants (1X-160 g wl HI) were macerated in 
ethanol (3OOml)with radloinactivc Iylophorine (lOOmgland 
t~lophormine (lOOmgl ;tnd left for 24 h. The ethanol was 
decanted and the plant material uas pcrcolatcd with fresh 
ethanol lcontalning Z”,, AcOH) (IO x lOOmI). The solvent 
from the combined pcrcolatc was removed under reduced 
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pressure CO give the greenish viscous mass which was 
extracted with 5”, HCI (6 x 25ml). The aqueous acidic 
solution wasdefatted with ether (5 x 25 ml) and basilicd with 
aqueous NaHCO,. The liberated bases were extracted with 
CHCI, (5 x 25 ml), washed with water, dried (Na$O,) and 
solvent removed co give a crude mixture of tylophorine and 
tylophorinine (265 mg). The crude mixture was subjected CO 

t.1.c. over Si02 places (solvent: CHCI,-MeOH, 96:4). The 
regions containing cylophorine and cy~ophorcnine were cut 
and eluced with CHCI, MeOH (4: 1). Removal of the solvent 
from the eluates gave ~~~~p~~~/~~ (13) (54 mg), m.p. 285-W 
(CHCI,- MeOH) (lit.lb 286-87 ) and ~~/O~h~JhliJW (16) 
(45 mg). m.p. 246-47” (CHCI, MeOH) (ht.” 248 49”). The 
isolated bases m feedmg experiments were crystallized from 
CHCI,-MeOH CO constant activity. The radiochemical 
purity of the samples were checked by dliucion technique. 

Deprud<ition of ki~s~~tketI~ t~l~~~~~~rin~ dwred from 3.4- 
d~~~drux~pb~~~~ ;2-‘“C ] u~~~~r~~. The biosynth~clc tylo- 
phorine (13) (2OOmgl m CHCI, (20ml) was refluxed wlch 
MeI (2 ml) for 2 h and worked up in the usual manner co give 
radloactive trlophorine me&o&& (36) (2lOmg), m.p. 278 
(HIOf (lit.“’ 2800). To a refluxing solution of radioactive (36) 
(2~mg)inMeOH-H~O(l:9,lOm~)wasaddedNa-Hg(6g) 
and then left overnight at ambient temperature. To 
the resulting mixture water (IOml} was added, the product 
wasextracted with C6HC, washed with H,O.dried (Na,SO,) 
and evaporated to give radioactive isodihydrohomotylo- 
phorine (Emde base) (39) (80mg). m.p. 202’ (C,H,- 
petroleum ether) (lit.” 200 202’ ). 

Cr03 (5 g) in 2N H2S0, (10 ml) was added dropwise Co a 
solution of radioactive (391(80 mg) in 2N HISO, (2mlb The 
radioactive acetic acid thus formed was distilled. neutralized 
with 0.01 IN NaOH and water removed co give radioactive 
sodium acetate (IOmg). It was diluted with radioinactive 
sodium acetate (35mg). NaN, (1OOmg) was added co a 
solution of radioactive sodium acetate in cont. H,SO, 
(0.7 ml) at 0”. The hydrazoz acid and CO1 evolved from the 
reaction mixture were removed by a current of Nz. The 
resulting mixture was heated at 70. 80’ for 1 h. cooled and 
basified with IO”, NaOH. The hberaced radioactive 
methylamine was distIlled and received in 2N HCI (10ml). 
The aqueous solution of radioactive methylamine 
hydro~hlorlde was concentrated and treated with benzoyf 
chloride (0.2ml) and IN NaOH @ml). The product was 
extracted with ether, washed with HzO, dried (Na2S0,t and 
the solvent removed to give radioactive il’-meIhJlbeniumidr 
(8 mg), m.p. 78-79 (lit.’ 78-79“). The radioactivities of the 
degradation products are given in Table 2. 

Degradation vi’ bj~.~~~t~lett~ r~i[)~h~rine dt’rit-ed from 6- (3- 
k~drox~4-mmkox)ph~n~l)-7-(4-Ir~dm.u~-3-mutlrtt.~~.phont~i)- 
1,2,3,5,8,8a-hexuhgdr~ ;5-“T) indoli%r. The biosynthetic 

Table 2. Activities of degradation products of tylophorine 

Compound Molar activity 
(disinc. min - ’ mmot - ’ ) 

Tyfophorine (13) 4.43 x IOJ 
Tylophorine methiodide (36) 3.97 x IO4 
Emde base (39) 3.90 x lo4 
N-Methyl~nzamide 4.1 x 10” 

Table 3. Activities of degradation products of tylophorine 

Compound Molar activity 
(disinc. muU’mmol_‘) 

Tylophorine (13) 
Tylophorine mechiodide (36) 
Emde base (391 
N-Methylbenzamide 

1.41 x 10’ 
1.41 x 10” 
1.34 x 10s 
1.35 x IO’ 

tylophorine (13) (300 mg) in CHCI, (20 ml) was treatLul with 
CHJ to give the radioactive mvtkrodidr (36) (312 mg). The 
radioactive (36) was degraded as above co give radioactive &‘- 
methyibenzamide. The radjoacti~icies of the degradation 
products are given in Table 3 

~~~ru~~~c;(~n c!j b;~~~~c~~~f~(. t~.~~~~~fJr;~j~r(~ drrttvd from 3.4- 
dih!,drox!,Dht~n!.f[2-‘JCJ ul~muw. The biosynthetic tyln- 
phorinine (16) (250mg) in CHCIA (10mll was heated wilh 
CH,i (2 ml) CO give radioactive f~,~~~~~rl~rj~j~~~ #~~,rki~dj~~r (38) 
(255 mgl, m.p. 244-45 (decomp.) (MeOH) O~C.‘~ 
243-45’(d)). Radroaccive (38) (250mg) in EtOH (5 ml) and 
H20 (Sml) was reffuxed with AgCl [prepared from AgNOJ 
(O.Sg)] for 5 h and then MC at room temp for I8 h. Ethanol 
from the resulting mixture was removed, the residue was 
taken in H,O and heated. To the hot aqueous solution 
Na- Hg (12 gl was added. The reaction mixture was kept at 
room temp. for 20 h and worked up as earher co give a crude 
product which was chromacograph~ on a column of basic 
alumina. Elution with C,H, gave isndik~drohemtidpcts~r~b- 

phorinrrw (4@)(36mg). m.p. IX0 81’ (C,H,-henane);m,cd 379 
(M l ); i.,,, 257,287 and 339 nm and 9-(,V-m(,fIr!lp~rmlidrn! I- 
merh~l-lO-metk~1-9.1O-dik~dro-2,3.6-trimethn.u~pkmanrhrcnr 

(3 mg), m.p. 160" (C6H6 1: m.~r 381 IM’): i.,,, 256. 283 and 
307nm. (do) was also obtained by Emde degradatcon of 
deoxytylophorinine mechiodide (37) which in turn was 
prepared from deoxytylophorinme (IS)‘” by treatment with 
CHJ. 

Radioactive (40) (36mg) was oxldised wlch CrOJ-?h’ 
HZSO, as earlier to give radioactive ateric’ ucid which was 
converted to ~-methyl~nzamide. The radioactivities of the 
degradation products are given m Table 4. 

Table 4. Activities of degradation products of cylophorininc 

Molar actttiity 
Compound (dcsint. min- ’ mmol- ’ 1 

Tylophorinine (16) 2.59 x IO* 
Tylophorinme methiodidc (38) 2.52 x lOJ 
Emde base (40) 2.52 x IOJ 
N-Methylbenzamide 2.53 x 10’ 

degradation c$ b~u~~nth~tie t~~~~~~~~rin~n~ dcri~~djr~~r 6-(3- 
I~~drox~4-ntrthox~phm?l)-7- (4-k_vdrox~ -3-nt~thox~pken~l)- 

1,2,3,5,3,8a-Ilexah~dro 5- lJC indolt,-me. The biosynthetic 
tylophorinine (16) (290 mg) was converted into radioactive 
cytophorinine methiodide (38) and was degraded as above. 
The radloactivities of the degradation products are given in 
Table 5. 

Table 5. Accivitles of degradation products of tylophorinme 

Compound 
Molar activity 

(dismt. min- ’ mmol- ’ 1 

Tylophormine (16) 
Tylophorinine methiodlde (3) 
Emde base (40) 
,~-Mechyl~n~mide 

4.80 x IOJ 
4.74 x IO4 
4.55 x 10J 
4.63 x lo1 
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